and reliable test which is reasonably easy to perform.
1964.-Partially purified M protein of a group A, type 12 strain of Streptococcus pyogenes was studied by use of chemical, electrophoretic, and immunological techniques. It was demonstrated in immunodiffusion tests that the antigen contains multiple precipitating components. The typespecific antigen was identified, and evidence was presented that, in some instances at least, the cross-reactions observed between this type 12 M protein and heterologous antisera in immunodiffusion tests involve contaminating antigens rather than the component which precipitates with adsorbed homologous-typing antiserum. In passive hemagglutination tests where M protein was adsorbed to tanned sheep erythrocytes, it was found that antisera suitably adsorbed to show good specificity in capillary precipitin tests nevertheless still contain cross-reactive antibodies which are detectable by this more sensitive technique. Electrophoresis on starch paste separates some of the components of partially purified M protein, so that a fraction can be obtained which has fewer precipitating antigens, as determined in immunodiffusion tests, and which is less cross-reactive in passive hemagglutination tests with heterologous unadsorbed antistreptococcal antisera.
and reliable test which is reasonably easy to perform.
After the demonstration by Boyden (1951) that streptococcal protein could be adsorbed to tannic acid-treated sheep erythrocytes which were then agglutinable by homologous rabbit antisera, several investigators attempted to use this method for the measurement of type-specific antistreptococcal antibodies (Denny and Thomas, 1953; Holmes, 1958; Quinn and Lowry, 1963) . All of the techniques devised thus far suffer from the limitation that numerous cross-reactions occur with human and animal sera. It is necessary, therefore, to adsorb sera prior to testing with heterologous strains of group A streptococci, sometimes with as many as four strains (Quinn and Lowry, 1963) .
Another solution to the problem of cross-reactivity in the hemagglutination test would be the preparation of a noncross-reacting antigen for the sensitization of the tanned erythrocytes. The present report describes a method for the production of a relatively specific antigen from a type-12 streptococcal strain. This antigen, and the partially purified material from which it was derived, were studied by the techniques of hemagglutination, immunodiffusion, and zone electrophoresis. Some of the immunological characteristics of these substances are described.
Several procedures have been employed for the detection and measurement of type-specific antibodies to the group A streptococci, such as passive mouse protection (Lancefield and Todd, 1928) , bacteriostasis in whole blood (Rothbard, 1945) , long-chain formation (Stollerman and Ekstedt, nished by C. V. Seastone, University of Wisconsin Medical School. Types 5 (no. 1) and 36 (no. 94) were isolated at the Student Infirmary, University of Wisconsin, from patients with acute follicular tonsillitis. All strains were preserved in the lyophilized or frozen state, and were found to produce moderate to large amounts of type-specific antigen as determined by the method of Rothbard and Watson (1948) .
Antisera. Rabbits were immunized by the intravenous injection of heat-killed vaccines according to a standard procedure (Wadsworth, 1947) . Sera were preserved with 0.2% phenol and stored at 5 C. The adsorbed homologous typing sera were obtained through the courtesy of John F. Winn, Diagnostic Reagents Section, Communicable Disease Center, Atlanta, Ga. These sera were freed from cross-reacting antibodies by adsorption of 4 parts of serum with 1 part of packed, heat-killed streptococci of heterologous type. At least three adsorptions were required for each lot of antiserum.
Antigens. Cultures for the preparation of antigens were grown in 30-to 60-liter lots in ToddHewitt Broth (Difco) at 37 C for 24 hr.
Fractions were prepared by the method of Lancefield and Perlmann (1952) , modified in that most batches of cells were extracted only twice, and a final ribonuclease concentration of 0.0025 mg/ml was used to depolymerize nucleic acids. Three fractions were prepared from the extracts by ammonium sulfate precipitation. One contained protein precipitating at 0.3 saturation (S-1), and a second contained protein precipitating between 0.3 and 0.6 saturation (S-2). In a few instances, all protein precipitating at 0.6 saturation was used and, since this precipitate presumably included all of the protein found in the other two fractions, it was designated (S-1:S-2). Swift, Wilson, and Lancefield (1943) was used.
Hemagglutination. The technique of Stavitsky (1954a) was used with the following modifications.
Sheep erythrocytes were treated with 1:40,000 tannic acid for 10 min at 25 C rather than at 37 C. Sensitization of tanned cells was done at pH 7.2 at a temperature of 25 C for 20 min, 1 volume of 2.5% erythrocytes (v/v) being mixed with 1 volume of antigen. After sensitization and washing, the cells were resuspended to a final 0.5% concentration. For the final test, 0.3 ml of 0.5% sensitized cells was added to 0.3 ml of each antiserum dilution.
The activity of each antigen was determined by sensitizing erythrocytes with decreasing amounts of protein and testing them against a standard homologous, unadsorbed antiserum diluted 1:2,560. The least amount of antigen giving 2 + hemagglutination was considered to be one unit. Two units were employed to sensitize cells to be used for the titration of antisera. Antisera were diluted in fourfold steps in 1:100 normal rabbit serum.
Immunodiffusion. Petri dishes (inner diameter, 50 mm) were leveled and filled with 7.0 ml of 0.8% Ionagar No. 2 (Oxoid) containing 1.0% sodium azide, the latter functioning both as preservative and buffer (Feinberg, 1957) . Wells were punched on 12-mm centers with a no. 3 cork borer and lined with agar. Antigens were employed at a concentration of 1.0 mg of protein per ml in buffered saline. Antiserum was undiluted. Observations were made after 12 days of incubation at 37 C in closed moist chambers. Bands were designated numerically, beginning with the band farthest from the antigen reservoir. After reading, each plate was filled with buffered saline and allowed to stand at room temperature through four daily changes of buffered saline. The agar was then partially dried at 37 C for 4.5 hr, transferred to a glass slide, and thoroughly dried at 37 C. The precipitin bands were stained for 15 min with amidoschwarz (Crowle, 1961) , the background then being cleared with 2.0% acetic acid.
Starch-block electrophoresis. The method employed for zone electrophoresis in starch paste was based on that described by Kunkel and Slater (1952) . Potato starch (E. H. Sargent and Co., Chicago, Ill.) was prepared for use by treating 1,700 g successively with 3,800 ml of 20%, 2,200 ml of 10%, and 2,100 ml of 5% ethyl alcohol, allowing the bulk of the starch to settle during each washing. After four washes with 2,000-ml portions of distilled water, a final thick slurry was made in borate-sulfate buffer. The slurries were usable for 10 days if kept in the cold.
Borate-sulfate buffer (pH 8.6; 0.1 M) was prepared by mixing 1,200 ml of 0.5 M boric acid, 160 ml of 1 N NaOH, 150 ml of 1 M Na2SO4, and 4,400 ml of distilled water, adjusting the pH to 8.6 if necessary with additional 1 N NaOH and adding distilled water to a final volume of 6 liters.
The apparatus for electrophoresis was constructed of Lucite according to a design by Gerald S. Berenson of the Department of Medicine, Louisiana State University School of Medicine. The starch bed was 1.2 cm deep, 10 cm wide, and 25 cm long. Each sample was taken up in an appropriate weight of clean, dry starch and inserted into a trough (1 by 7 cm) cut normal to the long axis of the bed and midway between the two ends and the sides. The buffer reservoirs were each filled with 1,500 ml of borate-sulfate buffer. Chambers for circulation of coolant were provided above and below the bed, through which refrigerated water was circulated during each run so that the starch temperature was maintained at 13 C or lower. Voltage gradients varied between 3.4 to 3.7 v/cm, and were maintained for 17 hr with an input of 150 v from a constant voltage power source. Current ranged from 22 to 32 ma in various runs. After electrophoresis, fractions were displaced from segments (1 by 10 cm) of starch through sintered-glass funnels with two 5.0-ml volumes of saline buffered at pH 7.2 with 0.025 M phosphate. The average protein recovery was 63 %. Starch-gel electrophores. Starch-gel electrophoresis was conducted in a vertical apparatus similar to that described by Smithies (1959) , with the use of the discontinuous system of buffers of Poulik (1957) . The gels were prepared from hydrolyzed starch (Connaught Medical Research Laboratories, Toronto, Ontario, Canada). Electrophoresis was performed at room temperature for 7 hr in a voltage gradient of 3.7 v/cm and a current density at 30 ma.
After each run, the gel (18 by 12.8 by 0.6 cm) was cut into two sections (18 by 12.8 by 0.3 cm) which were stained for 15 min with saturated amidoschwarz (Smithies, 1955) . The gels were washed twice with methyl alcohol-glacial acetic acid (9:1), allowed to stand overnight in a third application of this wash, and then washed once with distilled water-glacial acetic acid (9.5:1). After maximal pattern development, the gels were cleared by heating in glycerol at 70 to 80 C for 15 min. Such gels, when transferred to fresh glycerol, could be stored for months without appreciable change in patterns.
RESULTS
Properties of partially purified type 12 M pro-12 (Baitey) tein. Several lots of the various fractions were tation made from the type 12 strain. In a typical preparation, 127 g (wet weight) of cells yielded 38 mg of S-1 and 155 mg of S-2. The 280:260 m,u ultraviolet absorption ratios of all of the preparations HA titer ranged from 0.69 to 1.07, lower than the ratios re- (reciprocal) ported by Lancefield and Perlmann (1952) and by Barkulis and Jones (1957) Denny and Thomas (1953) and Holmes (1958) . The S-1 and S-2 fractions were examined by starch-gel electrophoresis. Quantities of 350 to 400 ,ug were placed in appropriate wells in the gel, and electrophoresis was carried out as described. Five components were found in S-1, whereas S-2 formed two broad zones (Fig. 1) . Component 1 of S-2 was not always seen, and was usually indistinct, sometimes being obscured by the rather dense track of stainable material that followed the buffer front that moves anodically in this buffer system (Poulik, 1960) . Occasionally, it appeared that component 2 of S-2 was composed of three segments, but in most runs it moved as an apparently single entity. S-2 did not contain significant amounts of protein having the same mobility as components 2 of S-1.
In immunodiffusion tests, all the antigens were observed to cross-react extensively with unadsorbed sera. Cross-reactions were not seen with adsorbed typing sera. Figure 2 illustrates the reactions of an S-1:S-2 preparation with homologous and heterologous antisera. It can be seen that each of the three heterologous unadsorbed Figure 3 shows that antisera to streptococcal types 3, 14, and 36 failed to precipitate with the specific component of S-1, although two of these sera precipitated with other components of the fraction. Similar results were obtained with fraction S-2.
No cross-reactions were seen between the typespecific component of the M protein preparations and any of the heterologous unadsorbed antisera tested. It can be concluded that cross-reactions often involve the nontype-specific components of M protein preparations and that these components are distinct from the specific component. It is possible that in certain instances the specific antigens of two group A strains of differing type might contain one or more identical determinant groups, and therefore would be expected to exhibit cross-reactivity in immunodiffusion tests.
In Fig. 4 be noted that one lot of homologous adsorbed antiserum precipitated with component 3 as well as with component 2. The specific antigen of S-2 was shown to be component 1, which gave reactions of identity with antigens 1 and 2 of S-1. Component 1 of S-1 was probably present also in S-2, although its precipitate was obscured by the zone of precipitation formed by the specific component. Components 3 of S-1 and 2 of S-2 showed a reaction of identity. This antigen did not precipitate with the typing antiserum, and therefore was not the specific antigen. It was observed in other tests, not shown, to cross-react with heterologous u.nadsorbed antisera.
Starch-block electrophoresis. Data from a representative starch-block electrophoresis experiment are shown in Fig. 5 . The S-1 and S-2 fractions gave similar patterns. preparations were not examined under these conditions. In this experiment, 30 mg of S-2 were subjected to electrophoresis as described. Eluted fractions were tested for serological activity by the capillary precipitin method, and protein concentrations were determined. It can be seen that a major peak of protein moved a short distance toward the cathode. Smaller amounts of protein were found at the origin and near the anode end of the block. It was suspected that a portion of the antigen might have migrated into the anodic buffer reservoir, but a shorter run (6 hr) failed to reveal additional peaks. It can be seen that the 280:260 ultraviolet absorption ratios of the peak and of the material found nearer the anode differed. Since initially the 280:260 ratio of the antigen was 1.1, it can be assumed that one of the effects of starch-paste electrophoresis is to separate antigenic protein from nucleic acids, the latter migrating toward the anode. Pooled fractions -6 and -5 had a 280:260 ratio of 1.25, which is similar to the ratios reported by Lancefield and Perlmann (1952) and by Barkulis and Jones (1957) . The fractions eluted from a given starch block were pooled so that fractions -6 and -5, with high 280:260 ratios, were combined into one pool (HR); and fractions -4, -3, -2, -1, and 0, with low ratios, were combined into another (LR). When necessary, the pools were concentrated with Carbowax 20-M (Giblett and Brooks, 1962) . Hemagglutination tests on the pooled fractions indicated that a relatively large amount of the LR antigen was required for sensitization of erythrocytes; however, it exhibited improved specificity ( Table 3 ). The reactions of S-2 and its corresponding HR antigen were identical in this experiment.
The pooled material from several starch-paste electrophoresis runs and the antigens used to charge the starch blocks were compared in immunodiffusion tests. Results of one such test are shown in Fig. 6 . It can be seen that components 1 and 2 of S-1 converged toward, and gave reactions of identity with, component 1 of S-2. S-2 pro- duced the same )attern as did the HR (peak) pooled material from an S-2 starch block. Data from other tests showed that S-1 likewise gave a pattern identical to that of the corresponding HR (peak) pooled fraction from an S-1 starch block.
Thus, in immunodiffusion tests, the antigen in the starch-block peaks closely resembled the starting material. The band of precipitate produced by S-2 (component 1) sep)arated into two zones in the LR pool from an S-2 starch block, indicating that component 1 probably consisted of two antigen-antibody reactions superimposed, as previously suggested. These formed separate precipitates when the LR 1)ool was tested, probably because of their changed relative concentrations in the pool. Component 2 of S-2 (LR), S-1 (HR), S-1 (LR), and S-1 was apparently the type-specific component (see Fig. 4 primarily responsible for the cross-reactions observed in hemagglutionation tests. As previously indicated, this component was found to crossreact with heterologous unadsorbed sera in immunodiffusion tests.
The absence of antigen 2 of S-2 and S-2 HR, and antigen 3 of S-1 and S-1 HR from the LR pools, might be ascribed to its loss through the dialyzing membrane during concentration with Carbowax. Control experiments indicated that this was not the case.
In Fig. 7 , the reactions of S-1, S-2, and their respective starch-block HR and LR pools with homologous typing serum are shown. Typespecific antigen was present in all of the fractions and pools, in highest concentration in S-2, in lower concentration in S-1, and in lowest concentration in S-1 LR.
DISCUSSION
rThat partially l)urified MI protein is antigenically complex is evident from several earlier studies (Lancefield, 1928b; Evans, 1946; Fleck, 1956; Rantz, Randall, and Zuckerman, 1956; Schmidt, 1957; Kaplan, 1963) . Wilson and Wiley (1963) demonstrated by immunoelectrophoresis in agar that M extracts of a type 17 strain of S. pyogenes, prepared according to the method of Lancefield (1928a) , contain at least four antigenic components, three of which appear to be serotype-specific or serotype-associated.
Of the various methods that have been utilized for the removal of 1I protein from the cell, the recently developed procedure involving the use of bacteriophage-associated lysin (Krause, 1958; Kantor and Cole, 1960) probably releases M protein into solution from washed cell walls in its most nearly native configuration. However, after further steps in purification, these preparations still contain other components, such as the T protein and the group-specific polysaccharide. If the latter is linked in some fashion to M protein in its native state, its presence in these preparations could be an indication of the extraction intact of a larger, more complex molecule, possibly equivalent to the "labile antigen" of Mudd et al. (1938) . On the other hand, the rigorous conditions of extraction in the procedure of Lancefield and Perlmann (1952) (Hayashi and Walsh, 1961; Wolfe et al., 1963) . Evidence has been obtained in this laboratory (Domingue and Pierce, 1964 ) that M protein extracted and purified by the Lancefield and Perlmann (1952) method, when adsorbed to glossy homologous cells, does not increase the resistance of these cells to phagocytosis by rabbit peritoneal exudative leukocytes. However, lack of resistance in this instance could be ascribed to one or more other, unknown deficiencies in the glossy cells which develop at the time of mutation to the glossy phase. Even though M protein adsorbed to such cells might retain its biological activity, this could be obscured by a lack of the other essential factor(s) in such cells.
Passive hemagglutination is a convenient technique which is said to be able to detect as little as 0.001 pg of antibody to egg albumen or diphtheria toxoid (Stavitsky, 1954b 
